The results suggest that biochemical changes occur in the composition or distribution of the trophoblastic cell coat during the process of blastocyst attachment in the ewe.
Introduction
The process of blastocyst attachment to the endometrium necessarily involves interactions between the apical surfaces of trophoblastic and uterine luminal epithelial cells. Various studies have been carried out to determine ultrastructural and cytochemical changes on these cell surfaces at the time of implantation (for reviews see Schlafke & Enders, 1975;  Enders, 1976; Enders & Schlafke, 1979) .
Cellular adhesiveness involves the glycoconjugates of the cell membrane (Moscona, 1971; Oppenheimer, 1978; Debray, 1979) and the changes in glycoconjugate components of the uterine and the trophoblastic cell surface during the implantation period in rodents have been studied (Holmes & Dickson, 1973; Pinsker & Mintz, 1973; Nilsson, Lindqvist & Ronquist, 1973; Enders & Schlafke, 1974; Jenkinson & Searle, 1977; Enders, Schlafke & Welsh, 1980) .
Little is known about such modifications in ruminants. We have described ultrastructural surface changes of the uterine epithelium and of the trophoblast during the early adhesion stages in the ewe (Guillomot, Fléchon & Wintenberger-Torres, 1981 ) and the present paper presents an ultracytochemical study of the surface coats of the uterine luminal epithelium and of the trophoblast cells before and during attachment of the blastocyst.
Materials and Methods

Animals and collection stages
Fifteen ewes (Préalpes du Sud) were used to provide material during early pregnancy. The occurrence of oestrus was checked daily with a vasectomized ram and the ewes were allowed to mate twice on the first day of oestrus (Day 0) (Graham & Karnovsky, 1966 (Fléchon, 1979 Sheep uterine tissues treated with the ruthenium red and cationized ferritin techniques. Fig. 1 . Uterine cell surface stained by the ruthenium red procedure (Day 15 of gestation). The electron-dense reaction outlines the whole cell surface but no electron-dense material penetrates the apical junctional complex (j). 8200. 
PLATE 2
Sheep uterine tissues treated with the Concanavalin A-peroxidase technique. Fig. 7 . Uterine epithelium at Day 13 of gestation. The electron-dense reaction product uniformly covers the microvillar surface and stops at the apical junctional complex (j). 14 000. Fig. 8 Blastocyst tissues stained with ruthenium red. Fig. 11 . At Day 13, the electron-dense material is observed only in invaginations of the plasma membrane (arrows). The outer surfaces of the microvilli are scarcely stained, 20 000. Fig. 12 . At Day 15 the ruthenium red reaction product is uniformly distributed on the outer cell surface of the trophoblast in the intercellular space but stops at the apical junctional complex ( ¬ 20 000. 
Trophoblast
With the ruthenium red procedure some differences in staining were observed depending on the stage studied. At Day 13, patches of electron-dense deposit were observed on the outer surface of the numerous microvilli. Beneath the microvilli, the apical membrane showed electron-dense material only in invaginations which were probably involved in endocytotic processes (PI. 3, Fig. 11 ). In contrast, in conceptuses at Day 15 the extracellular deposit was homogeneously distributed on the apical surface projections of the trophoblastic cells (PI. 3, Fig.  12 ). At both stages the reaction product stopped abruptly at the junctional complex (PI. 3, Fig.  13 ). The ruthenium red reaction with extracellular material at the basal poles of some cells (PI. 3, Fig. 14) could be attributed to the use of conceptuses that had been cut into pieces during preparation. The reaction product was also present on the surface of endodermal cells.
Cationized ferritin bound unevenly to the outer surfaces of the trophoblastic cells at Days 11 and 13 of gestation, with particles appearing in clusters rather than isolated (PI. 4, Fig. 15 ). After Day 14, the ferritin particles were uniformly distributed on the outer smooth surface of the trophoblastic cells (PI. 4, Fig. 16 ). In all samples, the ferritin binding was inhibited by PLATE 4 Blastocyst tissues treated with cationized ferritin. Fig. 15 Blastocyst tissues treated with the Concanavalin A-peroxidase technique. Fig. 18 . At Day 13, the electron-dense reaction product occurs mainly inside endocytotic invaginations (arrows) of the trophoblastic cell membrane. Only a few electron-dense clusters (arrow heads) are present on the outer surface of the microvilli, 20 000. Fig. 19 . At Day 15, the electron-dense deposit covers the whole trophoblast cell surface. Note that the microvilli are reduced in length and number. Endocytotic invaginations also contain electron-dense material (arrow), 20 000. Uterine and blastocyst tissues after phosphotungstic acid-HCl staining. Fig. 21 . At the apposition stage at Day 17 of gestation, a PTA-positive material is present on the uterine micro villi (Mv) and on the membrane of the trophoblastic cell (T) apposed to the uterine epithelium (U). The electron-dense material is also observed in the intercellular space (arrow) and the trophoblastic apical cleft (arrow) but is absent at the apical tight junctions (j). Endo¬ cytotic (or secretory) vesicles are also stained and the matrix of crystalline inclusions (Cr) is surrounded by stained material, 13 500. Fig. 22 . At the adhesion stage at Day 18 of gestation, the PTA-positive material is present between the indented membrane of the trophoblastic cell (T) and the microvilli (Mv) of the uterine syncytium (Sy). A trophoblastic giant cell (Gc) is present among the mononucleated trophoblastic cells. These giant cells are not in contact with the uterine syncytium. In both tissues cytoplasmic granules are stained by the PTA. The uterine basal lamina (BL) is also stained.
X4000.
preincubation in poly-L-lysine solution (PI. 4, Fig. 17) . After trypsin or neuraminidase treatment, the reaction was reduced but not completely abolished.
On the trophoblastic cells of Day-13 blastocysts, the final reaction product of the Con A-peroxidase procedure was observed chiefly in invaginations at the base of the microvilli and only in patches on the surfaces of microvilli. The reaction product did not penetrate the apical junctional complexes (PI. 5, Fig. 18 ). At Day 15 of gestation, the Con A-peroxidase procedure gave an electron-dense deposit uniformly distributed on the apical smooth membrane and along short microvilli remaining on the cellular surface (PI. 5, Fig. 19 ). The reaction product was still present at Day 20 of gestation. When the tissues were incubated in the presence of 0-1 M-a-methyl-D-mannoside, the Con A binding was inhibited (PI. 5, Fig. 20) . It was also absent if the Con A or peroxidase incubations were omitted.
Uterine-trophoblast interface
The PTA/HC1 staining was particularly useful to demonstrate an extracellular material between the uterine epithelium and the trophoblast at the contact areas. This was not possible with the other methods described above.
By Day 17, the undulating smooth membrane of the trophoblast cells in some areas was closely apposed to the tips of the uterine microvilli (apposition stage). A PTA-positive material was observed filling the space between the two epithelia. The staining stopped at the apical junctional complex. In both tissues cytoplasmic endocytotic vesicles and crystalline inclusions were surrounded by stained material (PL 6,  Fig. 21 ).
In adhesion areas at Day 18, the PTA-positive material was still present at the intervillous junction between the two tissues. At this stage, binucleated cells were observed among mononucleated trophoblastic cells. Both tissues contained PTA-positive granules (PI. 6, Fig. 22 ).
The Golgi vesicles and the basal lamina of the maternal syncytium were also demonstrated by the PTA/HC1 staining. If the uterine epithelium and the trophoblast separated during processing, the PTA staining was present on the apical membranes of both tissues. Anionic sites were demonstrated by binding of cationized ferritin and the ruthenium red staining. Since the cationized ferritin has a high molecular weight (445 000) only the outermost acidic groups are bound and probably only those present on the cell coat material rather than those intrinsic to the plasma membrane. In our study the reactions were carried out at pH 7-3, so numerous acidic residues were ionized and could react with the cationized ferritin. This could explain the incomplete inhibition of the reaction after incubation of the tissues with a neuraminidase solution because acidic groups with a higher pK than the sialic acid released by this enzyme would have still been able to bind the ferritin (De Bruyn, Michelson & Becker, 1978) . Furthermore, the aldehyde prefixation may have induced alterations in the distribution of the membrane anionic sites (Grinnell, Anderson & Hackenbrock, 1976) and the sialic acid release by the neuraminidase (Nelson, Smith, Enders & Donohue, 1976 (Holt, 1979) , there is evidence that the staining is selective for glycoprotein (Fujioka & Ogawa, 1979) . Furthermore, the PTA-positive material that we observed between the trophoblastic and uterine surfaces is similar to the PAS-positive material observed on histological sections during early attachment stage in the ewe (Boshier, 1969) .
Our study did not show any changes in the nature and distribution of the uterine cell coat material either during the oestrous cycle or in relation to the attachment process. This is in agreement with histochemical studies of the bovine endometrium (Wordinger & Amsler, 1980) and comparative biochemical analysis of a plasma membrane-enriched fraction of the pig uterus during the oestrous cycle and early pregnancy (Mullins, Horst, Bazer & Roberts, 1980 (Fléchon, Guillomot & Wintenberger-Torrès, 1978 (Farquhar, 1978) appear to be involved in the endocytotic processes. The fact that the reaction products were present mainly in the deep portion of the apical membrane indicates that the microvilli did not reduce the access of the markers to the cell coat. Therefore, the increased staining reaction demonstrated at Day 15 was not due solely to the loss of microvilli observed at this stage. These cell coat changes could result from a de-novo synthesis of new components and/or the unmasking of hidden sites by proteolytic enzymes present in the uterine secretions as suggested in the mouse (Pinsker, Sacco & Mintz, 1974; Hoversland & Weitlauf, 1981) and in the rabbit (Denker, 1977) . However, in-vitro studies in the mouse have shown that the blastocyst becomes adhesive in the absence of any uterine factors, so the adhesive factors may be of embryonic origin (Sherman & Atienza-Samols, 1978 
